1. The flow of energy through food webs with similar species can vary with both space and time. The river continuum concept (RCC) provides a useful framework for predicting variability in the biota and food availability along streams. We estimated the flow of organic matter (g m~2 year" 1 ) through food webs, arrayed along a stream, that had different resource inputs. Four sites were sampled along the Little Tennessee River, North Carolina, U.S.A.: two fifth order sites, one sixth and one seventh order site. The dominant resource is leaf detritus in the upstream reach (the upstream fifth order site), algae in the mid-reaches (the downstream fifth and sixth order sites), and suspended material downstream (seventh order site). 2. Eleven genera, contributing from 50 to 66% of the total macroinvertebrate secondary production of each site, were studied. We estimated organic matter flow from resource to consumer by combining previously measured rates of invertebrate secondary production with gut content analyses and assimilation efficiencies. 3. Organic matter flow through food webs increased in a downstream direction, while the structure of the food webs remained constant. The total food consumed by the taxa analysed increased from 34 g m~2 year"
Introduction
Food webs can be useful tools for examining trophic interactions in communities (Polis & Strong, 1996 and heterogeneity in the properties of food webs (Polis & Hurd, 1996; Winemiller, 1996) . Various methods have been employed to estimate food web properties, such as rates of consumption and interaction strength (De Ruiter, Neutel & Moore, 1995; Benke & Wallace, 1997; Monaco & Ulanowicz, 1997) . Food web properties, such as carbon flow rates, can vary greatly in neighbouring areas (Monaco & Ulanowicz, 1997) and can provide additional information about the community in question. Food webs that contain estimates of consumption rate and interaction strength can be used to estimate functional variability in neighbouring ecosystems (Holt, 1996; Hall, WaUace & Eggert, 2000) .
The river continuum concept (RCC) suggests that the community composition of a stream should shift in predictable patterns that correlate with physical changes along stream gradients (Vannote et al., 1980) . For example, the RCC suggests that temperate streams in upland deciduous forests are primarily heterotrophic (detrital based), shifting to autotrophic (algal based) in the mid-orders and back to heterotrophic in large rivers. While the validity of the RCC has been refuted for numerous stream systems (Winterbourn, Rounick & Cowie, 1981) , streams draining eastern temperate deciduous forests of the U.S.A. have been shown generally to fit within the RCC predictions (MinshaU et al, 1983; Webster, Wallace & Benfield, 1995) . Thus, leaf detritus is most abundant in small streams (see review by Webster et al., 1995) , instream algal production increases in midreaches (Lamberti & Steinman, 1997) and, finally, fine particulate matter increases downstream (Minshall et al., 1983; Cummins, Gushing & Minshall, 1995; .
Spatial shifts in input and availability of resources in river ecosystems should influence the flow of organic matter through the food web (Power, 1992) . The RCC predicts that macroinvertebrate communities shift along river continua (Vannote et al., 1980) . Grubaugh, Wallace & Houston (1997) found that the rates of macroinvertebrate secondary production increased with increasing stream order, although the taxa involved were similar. Changes in the secondary production led us to hypothesise that the total consumption rates (g m~2 year" 1 ) of the macroinvertebrate community would increase downstream. In addition, we hypothesised that the changing resource inputs, from allochthonous upstream to autochthonous in mid-reaches back to allochthonous downstream, would lead to changes in frequency of consumption of various resources by the macroinvertebrate community. For example, we predicted that leaves would be consumed at a greater frequency upstream than downstream, because of a decreasing availability of leaves downstream.
The objective of this study was to combine analyses of gut contents, previous measurements of secondary production (Grubaugh et al., 1997) , and assimilation efficiencies to estimate the pathways of organic matter flow (gm~2year -1 ) (Benke & WaUace, 1980 Wallace et al., 1987) in stream food webs along a longitudinal resource gradient. We attempt to link changes in organic matter inputs predicted to occur along river continua (Vannote et al., 1980) to resource use and organic matter flow in aquatic invertebrate food webs.
Methods

Study sites
This study was conducted in the Little Tennessee River drainage (LTR), Macon county, NC (35°03'N, 83°25'W), U.S.A. The LTR is in the Blue Ridge province and flows north from Georgia into North Carolina before entering Fontana Reservoir. The LTR drains an area of crystalline rock, resulting in low streamwater ion concentrations (Swank & Waide, 1988; Swank & Bolstad, 1994) . We analysed four sites (Table 1 ) along the LTR that had previously been studied by Grubaugh, Wallace & Houston (1996) . These sites range from mid to high (5-7) stream order as (1) previous work has demonstrated that there are no large changes in secondary production of individual functional groups from orders 1 to 5 (see Grubaugh et al, 1997) and (2) Hall et al. (2000) have estimated the trophic basis of production for a first order stream in the LTR. In addition, low order streams in the LTR basin are forested and shaded throughout the year and the dominant allochthonous resource base (leaf litter) would be similar, in quantity and quality, to a fifth order forested site. The LTR is a typical eastern river of the U.S.A. that appears to follow many of the RCC predictions of carbon dynamics (Webster et al, 1995) . As such, it was an ideal gradient along which to conduct this research. The first two sites, Coweeta Creek and Conley, are located in the Coweeta Creek Basin, which is dominated by deciduous forests (over 90%) (Swank & Bolstad, 1994) . Both sites are fifth order, but Coweeta Creek is upstream of Conley and has greater canopy closure because of riparian rhododendron (Rhododendron maxima, L.). The two lower sites, Prentiss (sixth order) and lotla (seventh order) are on the LTR mainstem. The LTR at Prentiss meanders through an alluvial flood plain dominated by agriculture, but has a narrow riparian buffer zone (Grubaugh, 1995) . Downstream of the town of Franklin, the floodplain decreases in size. The riparian zones are forested but there is little shading because the river is wide (c. 60 m). While the upper two sites retain leafpacks throughout the year, high velocity and few retention devices reduce organic matter storage at the lower sites. In addition, an aquatic macrophyte, Podostemum ceratophyllum (Michaux), is found growing on large cobbles and bedrock outcrops at all sites except Coweeta Creek. Podostemum ceratophyllumm provides the most productive (in terms of macroinvertebrate secondary production) habitat at these sites (Grubaugh et al., 1997) .
Taxa studied
Gut contents were analysed from about 1000 individuals in 11 macroinvertebrate genera. We chose to conduct gut analyses on the two dominant (in terms of production) genera from each functional feeding group (FFG) that are found at each site (Grubaugh et al., 1997) . Functional feeding groups are typically assigned to genera (Merritt & Cummins, 1996) . These taxa included: Baetis, Stenonema (scrapers), Pteronarcys, Tipula (shredders), Ephemerella, Serratella (collectors), Brachycentrus, Hydropsyche (filterers), Isoperla, Acroneuria and Corydalus (predators). These 11 taxa comprise 50, 66, 51 and 66% of the annual macroinvertebrate secondary production at Coweeta Creek, Conley, Prentiss and lotla, respectively. Because there were not two engulfing predators of the same taxon along the whole length of the gradient, we used Acroneuria (Plecoptera) at Coweeta Creek and Conley and Corydalus (Megaloptera) at Prentiss and lotla. These 11 taxa have different life cycles and were not present throughout the year, but the trophic basis of production was determined on an annual basis so that seasonal patterns would not affect calculations.
Guts were analysed from four to 15 individuals from each taxon at each site on each date. Because predator diets can be highly variable, a larger sample size was used (8-10 individuals for each date) to assess the prey taxa for predators. Specimens were collected with a kick-net and immediately preserved in Kahle's solution in the field to preserve gut contents. Samples were collected in January, April, July and October 1996.
Diet analysis
Foreguts were dissected from each individual and contents were identified and quantified as outlined in Benke & Wallace (1980) using a computer digitizing pad as modified by Wallace et al. (1987) . Gut contents of Baetis, Stenonema, Pteronarcys, Tipula, Ephemerella, Serratella and Brachycentrus were filtered onto 0.45 |xm gridded metricel filters (Gelman Sciences, Ann Arbor, MI, USA) and affixed to slides for preservation and measurement (Cummins, 1973) . The proportion of each food resource consumed was estimated using the relative area of the particles found in the gut. Particles were identified and classified into six major food resources: amorphous detritus, animal, diatoms, filamentous algae, fungi and leaf tissue. Pair-wise comparisons were conducted, using x 2 tests of similarity, to determine differences in gut contents among sites for each taxon, not including predators. Predators were dissected and gut contents were preserved in lactophenol on slides. Prey items were identified to the lowest taxonomic level possible. The sample size collected was too low to estimate flow from specific prey items to predators, so resolution was limited to animal material. A subsample of predator guts was also analysed, as described above, to measure per cent area of particles not of animal origin (such as leaf detritus and algae) to detect consumption of both animal and non-animal material. This analysis did not indicate high consumption of non-animal particles, so 100% animal material was used in calculating the trophic basis of production and in constructing food webs.
Hydropsyche spp. were analysed differently from other taxa for two reasons: they are generalists (Cummins, 1973; Wallace et al, 1987; Benke & Wallace, 1997) and they are highly productive (e.g. 57% of total production at lotla, the large river site) (Grubaugh et al., 1997) . Therefore we analysed 10-15 individuals per site each season. They were dissected in the same manner as predators, to identify prey, and digitised in the same way as non-predatory taxa, to measure the contribution of other particle types to their diet.
Trophic basis of production
To estimate the contribution of each food type to secondary production, the trophic basis of production method described in Benke & Wallace (1980) was used. This method calculates the trophic basis of production as follows: 1. Determine the fraction of production attributed to food type i (B,-),
2. Estimate the flow of organic matter via food type i to consumer ; (F,y),
where G, is the per cent of each food type, AE, = assimilation efficiency (the fraction of the organic matter the consumer is able to assimilate) of food type i. Pj is the secondary production of consumer j in g m" 2 year" 1 , data from Grubaugh et al. (1997) . Although the secondary production data were collected in a previous year, we assume similar production values across years. The 10-fold differences in secondary production among sites indicates that, even if there were large year-to-year changes, the site differences would probably be maintained. Net production efficiency (NPE), the proportion of assimilated organic matter used to produce tissues, was assumed to be 0.5 (Benke & Wallace, 1980) . Assimilation efficiencies for each food type were taken from Wallace et al. (1987) and were as follows: diatoms 30%, filamentous algae 30%, fungi 50%, leaf tissue 10%, amorphous detritus 10% and animal 70%.
These calculations result in an estimate of the amount of food consumed (g m~2 year" 1 ) necessary to support the observed secondary production of each consumer examined. The trophic basis of production was estimated for each taxon at each site annually. To estimate consumption by the entire macroinvertebrate community, we calculated the sum of the food type consumed by the portion of the community analysed and then divided this by the proportion of secondary production they comprised.
Food web construction
We constructed flow food webs to illustrate patterns in organic matter flow (in g m~2 year" 1 ). Arrows were drawn from each resource to each consumer based on respective consumption rates. These food webs represent the amount of food that each taxon needed to consume to achieve the measured rates of secondary production. We visually compared the dominant flows and patterns in each flow web to detect major differences in resource use along the gradient. To determine the distribution of consumption rates among each food web, we calculated the total consumption rates for each taxon at each site. This illustrates how the total consumption at a site is divided among the taxa studied and determines if there are dominant consumers within the food webs. Then we compared the distribution of the consumption rates within each community using % 2 tests of similarity.
Results
Trophic basis of production
In 1996, the total food consumed by the taxa analysed ranged from 34 g m~2 year" 1 at Coweeta Creek to 730 g m" 2 year" 1 at lotla (Table 2) . We estimate that consumption by the entire macroinvertebrate community ranged from 66 to 1164 g m~2 year" 1 across the four sites (Table 2) . Consumption rates of all food types increased downstream. The proportion of food types consumed by the assemblage varied (Fig. la) . Leaf detritus decreased from 58% of the total community consumption at Coweeta Creek to 6% at lotla. In contrast, consumption of amorphous detritus increased from 18% of the total community consumption at Coweeta Creek to 64% at lotla. The proportion of animal material consumed also increased from 3% at the most upstream site to 27% downstream. The total rate of autochthonous resources (diatoms and filamentous algae) consumed increased along the continuum ( Table 2 ). The food resources (i.e. leaves, diatoms, animal and amorphous detritus) found in the guts of all taxa were similar at all sites. However, there were significant differences in the proportions found in the gut contents of all taxa among sites (Table 3 and Appendix 1). Some taxa had significant differences among all sites (e.g. Brachycentrus, Ephemerella and Tipula), while others had differences among only some sites (e.g. Baetis, Stenonema, Pteronarcys and Hydropsyche). The differences in gut contents may be because of increases in autochthonous resources and shifts from mainly leaves in the guts of the upstream insects to amorphous detritus in downstream insects (Appendix 1). In addition the magnitude of organic matter flow (g m~2 year" 1 ) was different among sites, mainly because of changes in secondary production and changes in the proportion of various food types in the guts.
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The flow rate of organic matter from specific prey taxa to predators was not calculated because of the limited sample size and high prey diversity in predator gut contents. Although we did not calculate organic matter flow rates of specific prey taxa, chironomids and simuliids were frequently found in the guts of Hydropsyche, Isoperla and Acroneuria (Table 4) . Although Corydalus consumed some chironomids, they consumed mainly hydropsychid caddisflies. Predators, for food web construction, were listed as consuming 100% animal material.
Food web construction
Annual flow food webs were constructed for each site (Fig. 2a-d) . Note that there is no clear differentiation by FFG and resource consumption in the four food webs. In general most taxa, excluding predators, consumed most of the food resources available. There are large differences among sites in the rate of organic matter flow of the resources to consumers. The dominant basal resource shifts from mainly leaf detritus upstream (Fig. 2a) , to an even distribution of food resources (e.g. leaves, diatoms and amorphous detritus) in the middle sites (Fig. 2b,c) , to mainly amorphous detritus and animal material at the large river site (Fig. 2d) .
There are also shifts in the total rates of consumption within a taxon among sites. For example, Ephemerella consumed diatoms, amorphous detritus and leaves at most sites, however, the rate of consumption varied. Upstream (Fig. 2a) Ephemerella consumed more leaves than diatoms and amorphous material, whereas at the downstream sites Ephemerella consumed more Table 2 The sum of annual consumption rates (in g m 2 year a ) by the 11 taxa analysed for each food type at each site (measured) and the estimated total consumption rate (total) for the entire macroinvertebrate community along the Little Tennessee River continuum. Total annual consumption rate was estimated by multiplying the measured consumption by the proportion of the community studied. This assumes similar consumption rates for taxa whose diets were not analysed Fig. 1 (a) The percentage of each food type consumed annually by the 11 taxa studied and (b) the proportion of each functional feeding group in the community (from Grubaugh et al., 1996) for each site along the Little Tennessee River.
Coweeta Conley Prentiss lotla Location
amorphous material (Fig. 2d ). This shift is potentially because of shifts in the relative availability of resources and suggests that Ephemerella is a facultative omnivore.
The most obvious change in the food webs is the increase in consumption rates by Hydropsyche of animal and amorphous detritus downstream. Other taxa also increased consumption of amorphous detri- Table 3 Differences in proportions of mean annual gut contents of each taxon among sites (see Appendix 1 for proportions), excluding predators. Pair-wise comparisons, measured by x 2 tests of similarity, were conducted to determine differences among sites for each taxon. Different letters indicate significant differences (a < 0.01) among sites. Functional feeding groups are in parentheses (SC = scraper, C = collector gatherer, F = filterer, S = shredder) tus and animal material downstream. The change in the total amount consumed illustrates the importance of high secondary production of filtering Hydropsyche at this site. The flow of organic matter and the consumption of amorphous detritus by hydropsychids was very high at this large river site.
There were also changes in the dominant consumers, i.e. the taxa with the highest rates of consumption, among the four food webs. The distribution of consumption rates by the individual taxa varied significantly (tested using # 2 tests of similarity, ex < 0.005) among all sites (Fig. 3) . It is clear that the dominant consumer shifts from Pteronarcys (shredder) at the upstream site to Hydropsyche (filterer) at the downstream sites. In addition, among other consumers, there were shifts in the per cent they comprised. The variation in patterns of flow of organic matter through invertebrate communities along the continuum is a consequence of two variables: diet shifts and levels of secondary production. Levels of secondary production of macroinvertebrates shift along the LTR (Grubaugh et al., 1997) and we found shifts in the relative proportions of food consumed by the community (Table 2, Fig. la) . In order to determine which variable, secondary production or diet, is most influential to total consumption rates, we recalculated the total consumption at lotla, using the measured gut contents (average of all taxa analysed) from Coweeta Creek and total macroinvertebrate secondary production from lotla. The total consumption is statistically similar to lotla (Fig. 4) and statistically different from Coweeta Creek, using % 2 tests of similarity (a < 0.01).
This analysis indicates that secondary production values are more influential in calculations of flow of organic matter.
Discussion
In the LTR the flow of organic matter through the macroinvertebrate communities varied with stream size. The most dramatic shift was from a dominant consumption rate of leaf detritus upstream to amorphous detritus downstream. This shift parallels the predicted and measured changes in resource availability along river continua (Vannote et al., 1980; Minshall et al, 1983; Naiman et al, 1987; Webster et al, 1995; Benfield, 1997) . Consumption rates of autochthonous resources increased slightly in the mid-order reaches. These shifts in consumption rate suggest that the (Wallace et al, , 1999 . The main shift observed corresponds to the dominant forms of organic matter available (i.e. leaf detritus or seston). Our results suggest that the flow of organic matter in the macroinvertebrate community may be influenced by shifts in resource availability along river continua (Vannote et al, 1980) . Previous RCC studies have examined shifts in biomass (Allan, 1975; Hawkins & Sedell, 1981; Minshall et al., 1983; Grubaugh et al, 1996) and secondary production (Grubaugh et al, 1997) of FFG. Aquatic invertebrates are divided into FFGs according to their morphology and behavioural adaptations for food acquisition (i.e. shredder, filterer, collector, predator, etc.) (Cummins, 1973; Merritt & Cummins, 1996) . Grubaugh et al (1997) studied the secondary production of macroinvertebrates along the LTR and found a shift in the relative proportion, in terms of secondary production, of different FFGs along the continuum. Shifts in the composition of macroinvertebrate communities have been used to illustrate changes in resource use along river continua. For example, a high proportion of shredders suggests that leaves are important (Vannote et al, 1980; Minshall et al, 1983) . If this were valid, the food resources consumed should appear similar to FFG composition, which is not supported by our data (Fig. Ib) . For example, there was proportionally more leaf tissue consumed at Coweeta Creek than the proportion of shredders. This indicates that taxa not classified as shredders consume leaf tissue at this site. Conversely, at Prentiss the proportion of leaf tissue consumed is less than the proportion of shredders. This suggests that taxa classified as shredders consumed resources other than leaf tissue at this site (see also Plague, Wallace & Grubaugh, 1998) . Discrepancies occurred for each FFG, with the exception of predators, and food resource. In addition, hydropsychid caddisflies consumed a larger amount of animal material at lotla than the predators combined, although Hydropsyche is classified as a filterer. This has been found elsewhere (Benke & Wallace, 1997; Benke et al, 2001 ) and demonstrates the importance of gut content analysis in determining trophic status and resource use. In addition, the proportion of food types in the gut contents were significantly different among sites for taxa in each FFG. The webs illustrate the rates of consumption (g m~2 year" 1 ) of each trophic interaction. The width of the arrows indicate the rate of flow, i.e. a thicker arrow is a higher flow rate, and the pattern of the arrow indicates the food resource, i.e. lightly shaded is amorphous detritus. Fig. 3 The per cent of consumption by each taxa in the four food webs. Distributions for each site were significantly different from other sites as tested with jf tests of similarity (a < 0.005).
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Coweeta lotla consumption lotla (5th) using Coweeta gut (7th) contents Fig. 4 The relative importance of the level of secondary production to total annual consumption by macroinvertebrates when Coweeta Creek (fifth order) diets and lotla (seventh order) secondary production are used to calculate trophic basis of production (middle column). Coweeta and lotla estimates of consumption are shown for comparison (left and right columns).
These differences suggest that dietary shifts occurred among sites with some non-predator taxa. Predators maintained similar diets composed mainly of chironomids and hydropsychids, similar to previous findings (Stewart, Friday & Rhame, 1973; Merritt & Cummins, 1996) .
Implications for future food web analysis
The application of the trophic basis of production methodology is useful for estimating organic matter flow in stream ecosystems and for constructing quantitative food webs (Benke & Wallace, 1997) .
Other methods to construct quantitative food webs requires similar information on rates of secondary production, diets and assimilation efficiencies (De Ruiter et al, 1995; Monaco & Ulanowicz, 1997) . When examining variability in food web dynamics, quantitative food webs are more useful than link webs (Polis & Strong, 1996; Hall et al., 2000) . The downstream increase in secondary production and organic matter flow rates may be attributed to an increase in resource availability and favourable habitat (Grubaugh et al., 1997) . Podostemum ceratophyllum is an aquatic macrophyte that occurs at Conley, Prentiss and lotla and increases the space for net construction by filtering organisms, e.g. Hydropsyche. This macrophyte increases both the access to suspended organic matter (the dominant food resource) and habitat for other macroinvertebrates. Analysis of the importance of diet versus secondary production suggests that the large increase in organic matter flow from small stream to large river is strongly driven by shifts in secondary production.
The food webs constructed illustrate the extent of heterogeneity in the neighbouring communities along the LTR continuum. These food webs are functionally very different, yet structurally similar. This is because of the fact that the sites have similar taxa and resources, although the rates of secondary production of the taxa and the form of the dominant resource are very different. Overall, the food webs were fundamentally different along the gradient, in terms of what was consumed, the rates at which food resources were consumed and which taxa dominated the consumption of resources. Food webs which contain information on the rates of consumption can add to our understanding of the variability in community dynamics. © 2002 Blackwell Science Ltd, Freshwater Biology, 47,129-141 Invertebrate food webs along a river continuum 137
Importance of diet shifts and secondary production
Aquatic invertebrates have flexible diets that can adapt to changing resource availability (see also Plague et al., 1998) . The ability of organisms to switch diet to exploit changing resources may potentially buffer a system against natural fluctuations, thereby increasing community stability (Polis & Strong, 1996) . Omnivory by aquatic invertebrates may also facilitate univoltine life cycles in an environment of changing resources (Polis & Strong, 1996 and references therein) . Some of the organisms examined had significantly different gut contents along the gradient. A large change in resource input in this system would influence individual taxa differently. Some taxa may be more capable of switching their diet to exploit a shift in resources. Although the ability to shift diet may enhance stability of the ecosystem, the species (generic) diversity may not be maintained if food resources shift towards a single food resource.
Food availability and community structure
Food limitation may control aquatic invertebrate population dynamics in some small headwater streams (Richardson, 1991; Dobson & Hildrew, 1992; Wallace et al., 1997 Wallace et al., , 1999 . The consumption rate of the macroinvertebrate community at lotla was approximately an order of magnitude higher than the other three sites (Table 2) yet macroinvertebrate consumption at this site does not appear to be limited by food resources. At lotla the annual average fine particulate organic matter (FPOM) concentration is 4 mg AFDM L" 1 at base flow (Rosi, 1997) . [Note that FPOM (seston) concentration can increase during storms (Webster et al., 1995) so this is a conservative estimate]. Using estimates of the mean annual discharge we estimate that the amount of FPOM passing over a linear metre at lotla is approximately 37 000 kg year"
1
. This is five orders of magnitude greater than the consumption rate of amorphous detritus (analogous to FPOM) by Hydropsyche which dominates secondary production (57% of total macroinvertebrate secondary production).
The low consumption rates of FPOM by Hydropsyche in relation to availability in the Little Tennessee River are consistent with similar estimates of consumption by filtering insects (Benke & Wallace, 1980 Georgian & Thorp, 1992) . Previous estimates of the efficiency of filtering insects to remove seston particles range from 0.00015% in the Tallulah River (Benke & Wallace, 1980) to 18.2% in the Mianus River (Georgian & Thorp, 1992) ; our estimate of 0.001% removal falls within this range. In headwater streams, coarse allochthonous detritus may be removed during spates and become limiting to invertebrate populations (Richardson, 1991; Dobson & Hildrew, 1992) . In contrast, large south-eastern rivers of the U.S.A. have a continuous input of suspended FPOM which is carried in the water column. The continuous input of this resource provides a large amount of energy to the food web, which is only partially exploited by the consumers. Polis & Hurd (1996) suggest that large allochthonous inputs of high quality resources may influence trophic dynamics, such as trophic cascades. Inputs of fine particulate matter in large rivers may be very different from other allochthonous subsidies from across spatial boundaries (Polis & Hurd, 1996) in that they are supplied constantly by flow and that they are the dominant basal resource supporting the food web.
This resource is unlikely to be limiting given the consumption rates (Benke & Wallace, 1980; Wallace et al., 1987; Georgian & Thorp, 1992) . While predation has been documented as limiting macroinvertebrate communities, in the case of the LTR, the high rates secondary production suggest that predation may not be limiting populations. Furthermore, the thick mats of P. ceratophyllum, which harbour high densities of invertebrates, may provide refugia from predators. Macroinvertebrate populations in large rivers may be more limited by the availability of suitable habitat (Benke & Wallace, 1997) . Competition for high quality habitat, in this case locations for net construction in areas of optimal particle delivery, has been shown to occur in field experiments (Georgian & Thorp, 1992 ) and may be a limiting factor.
Trophic basis of production calculations and the design of this study have limitations. First, genus was the lowest possible taxonomic division identifiable in this study. Many genera along the LTR continuum contain more than one species (Grubaugh et al., 1996; Plague et al., 1998) and the diet shifts which we observed may be because of shifts in species composition (Plague et al., 1998) . However, this does not alter the calculations of organic matter flow. Secondly, the quality (assimilation efficiencies) of food resources may vary, although assimilation efficiencies for a given food type for aquatic macroinvertebrates are relatively similar (Pandian & Marian, 1986) . If assimilation efficiencies vary the flow of organic matter to consumers will change accordingly. Amorphous detritus is the most likely resource affected by anthropogenic or microbial enrichment (Wotton, 1996) . Its quality may be enriched at the large river site, lotla, because of treated wastewater discharge from the town of Franklin (nutrient levels released are 2800 g PO4-P day" 1 and 8400 g N day'
1 ) or increased microbial activity (A. Z. Worden, personal communication). Given the importance of productivity in our calculations, changes in the assimilation efficiencies of amorphous detritus do not alter our findings drastically; with an increase from 10 to 20% assimilation efficiency, the consumption rate of Hydropsyche (the taxon dominating production and a large consumer of amorphous detritus) would decrease from 425 to 342 g m" 2 year" 1 at lotla.
The value of using trophic basis of production as a method for estimating organic matter flow outweighs the problems discussed. Using this method, in concert with production measured by Grubaugh et al. (1997) , we were able to estimate a large portion of the flow of organic matter through macroinvertebrate consumers along a river continuum. The RCC originally linked physical characteristics of streams to community composition (Vannote et al., 1980) . Physical and biological patterns along river continua influence the flow of organic matter in these communities as well. Various physical changes can contribute to differences in calculated flow rates including temperature, substrate and food quality. In addition temporal, both seasonal and diurnal, shifts in diet composition can influence the flow rates within food webs. This study of the flow of organic matter along the LTR suggests that physical and biological attributes along river continua alter riverine food web dynamics.
Appendix 1 Average annual gut contents or proportion of total digitised particles data for all sites for each taxon excluding predators 
